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Experimental Section Synthesis
Tert-butyl 6-(2-aminoethylamino)-6-oxohexane-1,5-diyldicarbamate (2).
To a solution of dry THF (50 mL) at −78 °C, containing ethylene diamine (1 g, 16.7 mmol), was added BocLys(Boc)-ONp (1.5 g, 3.3 mmol) dropwise over 1 h, dissolved in dry THF (10 mL). The reaction was allowed to proceed for 1 hr upon which it was taken up in ethyl ether, and washed with brine, and brine/1 N NaOH solution several times, until the yellow color is removed from the ether layer. The ether layer was dried over Na 2 SO 4 , filtered and volatiles evaporated. The procedure was adapted from Debroye et al. 3 Compound 2 (500 mg, 1.28 mmol) was added to a solution of dry DMF (1.0 mL), containing 2-{bis[2-(2,6-dioxomorpholino)ethyl]amino}acetic acid (357 mg, 0.57 mmol). The reaction was heated to 80 °C for 8 h. After cooling, the solution was precipitated into 20 mL ethyl ether (repeated twice), filtered and the filtrand was collected and dried, affording 3 in 93% yield. 1 
Cell Maintenance of NIH3T3 Murine Fibroblast Cells for Toxicity Studies
NIH3T3 murine fibroblast cells were maintained in Dulbecco's Modified Eagle Media supplemented with 10% bovine calf serum and 1% penicillin/streptomycin. Cells were maintained in a humidified atmosphere at 37 °C and 5% CO 2 . Subconfluent cells were harvested and seeded on 96 well plates at 20,000 cells/well for use in in vitro cytotoxicity studies.
In vitro cytotoxicity study
NIH3T3 fibroblasts were allowed a 4 & 24 hour exposure to concentrations of 1.0 and 0.1 mM gadopentetate and Gd(DTPA)Lys 2 , and 2.0 and 0.2 mM lysine in phosphate free DMEM (Catalog #: 11971-025, Life Technologies, Carlsbad, CA). Cells were maintained in a humidified atmosphere at 37 °C and 5% CO 2 . After exposure, cell viability was tested using a colorimetric MTS [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium] cell proliferation assay (Sigma, St. Louis, MO) and absorbance read at 490 nm on a Beckman-Coulter AD 340 Plate Reader (Brea, CA). Cell viability in each well was calculated as the percentage of the positive control absorbance.
Bovine Osteochondral Plugs
Bovine osteochondral plugs (7 mm diameter; n = 3/group; 9 total) were cored with a diamond 
MRI Image Processing
Cartilage and solution object maps were created and used to obtain serial T1 relaxation times with MRI Mapper (BIDMC, Brookline, MA) and Matlab2012b (MathWorks, Natick, MA).
Statistics
ANOVA and Tukey's Test were processed using Prism 6 (Graphpad Software Inc, La Jolla, CA).
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Results
MTS Assay
SI Figure 1 . Cytotoxicity after 24 and 4 hour exposures to 3T3 fibroblasts (n=3/group). Both 1 Gd(DTPA)Lys 2 and gadopentetic acid were found to be non-toxic (>90% viability) at 1.0 mM and 0.10 mM concentrations. Lysine (2.0 mM and 0.20 mM) was used as a negative control.
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HPLC analysis of Gd(DTPA)Lys 2 (1)
Refractive index detector:
The results indicate that only one molecular species is present in the product. 
